A temperature-sensitive mutant strain of Aspergillus nidulans has been isolated which failed to grow normally on minimal agar medium at 43 "C unless mannose was supplied as a sole carbon source. The mutant has been given the symbol mnrA455 for mannose relief. Under restrictive conditions (43 "C) the mutant produced extensive areas of swollen hyphae, called balloons, and wall preparations from cultures grown at 40 "C had approximately one-third of the mannose found in walls of control cultures. The mnrA455 strain produced a more thermolabile phosphomannose mutase than the wild-type strain, so it is suggested that the mutation is in the structural gene coding for this enzyme.
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A temperature-sensitive mutant strain of Aspergillus nidulans has been isolated which failed to grow normally on minimal agar medium at 43 "C unless mannose was supplied as a sole carbon source. The mutant has been given the symbol mnrA455 for mannose relief. Under restrictive conditions (43 "C) the mutant produced extensive areas of swollen hyphae, called balloons, and wall preparations from cultures grown at 40 "C had approximately one-third of the mannose found in walls of control cultures. The mnrA455 strain produced a more thermolabile phosphomannose mutase than the wild-type strain, so it is suggested that the mutation is in the structural gene coding for this enzyme.
The wtnrA455 strain failed to grow on minimal agar medium containing 0.1 0/6 (w fv) mannose and 0.9 yo (w /v) glucose at 43 "C. This property was used to obtain revertants, one of which was a double mutant mnrA455 manA1. Growth of the double mutant in media containing [l*C]mannose at 43 "C showed that 84% of the label found in the wall occurred in mannose in comparison with 33 yo in the wild-type control. Autoradiography of cultures of the double mutant using [3H]mannose showed predominant incorporation of label into the tip region of growing hyphae. A manAl strain, isolated following haploidization of a diploid, was unable to grow on media containing glucose or mannose alone. The munA2 strain had reduced phosphomannose isomerase (EC 5.3.1 .8) activity. The manAl mutation, which is epistatic to mnrA455, has been located to linkage group VIII and the mnrA455 mutation to linkage group V. A pathway is presented for the utilization of mannose in A. nidu lans.
I N T R O D U C T I O N
Although temperature-sensitive mutants have proved to be a powerful tool for the analysis of essential functions in a wide range of micro-organisms, such mutants have not been exploited in the analysis of cell wall synthesis in Aspergiffus n~d~f~n s , apart from a study by Rosenberger and co-workers (Cohen et al., 1969) who isolated a temperaturesensitive mutant which had reduced glucosamine in the wall and had lost mechanical strength (Katz & Rosenberger, 1970) . The present investigation reports the isolation and analysis of a temperature-sensitive growth mutant which is specifically relieved by mannose, a phenotype not previously reported in filamentous fungi. This property has been used to analyse the utilization of mannose for wall synthesis and as a sole source of carbon and energy. 
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were carried out at 4 "C and all operations, except drying, were done at below 10 ^C to minimize enzymic degradation (Taylor & Cameron, 1973) . Mycelium was grown as described above, collected by filtration, washed with distilled water and passed twice through a French pressure cell (American Instrument Co., Silver Spring, Md, U.S.A.) at 1.2 x lo8 Pa. The disrupted material was centrifuged at 10000 g for 2 min and the pellet was collected. Similar centrifugations were carried out to collect the walls at each of the following operations. The pellet was washed three times with distilled water and suspended in 200 ml 1 : < (w/v) sodium dodecyl sulphate. This suspension was magnetically stirred for 16 h at 4 "C, centrifuged as before, and the pellet was washed three times with distilled water and passed twice through the French pressure cell. The wall preparation was then washed approximately eight times with distilled water, ultrasonically disrupted for 2 min (MSE 100 W ultrasonicator), washed with 0-05 M-phosphate buffer pH 7, washed a further eight times with distilled water and ultrasonically disrupted for a further 2 min. The preparation was then examined for protein contamination by fluorescence microscopy as described above. If no contamination was visible, the preparation was washed with increasing concentrations of ethanol and dried from absolute ethanol at 37 "C. The sample was then ground using a pestle and mortar, weighed and stored at 4 "C in a desiccator over silica gel. Estimation of neutreal sugars. Wall preparation (20 mg) was hydrolysed for 6 h in 1 ml 1 M-H,SO, at 104 ^C in a sealed glass ampoule. The hydrolysate was neutralized with BaCO,, centrifuged at 10000 g for 2 min and the supernatant was analysed by a method based on that of Wilson (1959) . A sample (10 to 80 p1) of the supernatant was spotted on to Whatman no. 1 paper and subjected to descending chromatography for 30 h with ethyl acetate/pyridine/water (8 : 2 :1, by vol.) as solvent. The paper was dried, dipped in aniline phthalate reagent (Wilson, 1959) , redried and heated at 104 "C for 11 min. The spots were then cut out and eluted in 80 % (v/v) ethanol for 2 h with occasional shaking. The absorbance at 390 nm was estimated in a SP600 spectrophotometer (Pye Unicam).
Estimufiurt of amino sugars. Wall preparation (20 mg) was hydrolysed for 6 h at 104 "C in 1 ml 6 M-HCl in a sealed glass ampoule. The hydrolysate was centrifuged and the supernatant was dried under vacuum over NaOH. The residue was suspended in 1 ml distilled water and stored at -10 "C. The resuspended hydrolysate was treated by the method of Stoffyn 8z Jeanloz (1954) to reduce hexosamines quantitatively to pentoses: 20 pl hydrolysate was mixed with 20 pl 2 % (w/v) ninhydrin solution containing 4 % (v/v) pyridine and heated at 104 "C for 20 rnin in a sealed glass capillary tube. The pentoses produced were separated chromatographically and assayed by the methods described above for neutral sugars except that absorbance was read at 360 nm. The techniques for neutral and amino sugars were tested by subjecting a mixture of sugars, based on the known composition of A . nidulans walls (Bull, 1970) , to the same procedures.
Estimation of lipids. Bound lipids were estimated by the method of Johnston (1965) . Wall preparation (0.5 g) was refluxed for 1 h at 50 "C with 100 ml of diethyl ether/absolute ethanol/6 M-HCI (50:50: 1, by vol.). The remaining wall was centrifuged at 10000 g for 10 min, washed several times in ethanol and dried as above. The supernatant was also dried and weighed. Autor.adiog;~aphy. The method described by Katz & Rosenberger (1971) was used with the following modifications. Conidia were inoculated (final concentration lo6 ml-l) into 25 ml MM plus 0.09 % (w/v) glucose and 0-01 % (w/v) mannose, both filter sterilized, in a 100 ml flask. The culture was stirred and aerated as described above for 16 h at 43 "C. The hyphae were centrifuged and resuspended in 2 ml of the same medium at 43 "C in a boiling tube, aerated as before and incubated in a water-bath at 43 "C for 1 h.
[2-3H]Mannose (100 pCi; 1.0 Ci mmol-'; The Radiochemical Centre, Amersham) was then added, and 0-02 ml samples of hyphal suspension were taken at intervals and immediately extracted for 20 min with 2 ml distilled water at 100 "C. This was followed by extraction for 20 rnin with 70 "/o ethanol at 50 "C, for 1 niin with 1 M-NaC1 and for 1 rnin with 0.2 (w/v) sodium dodecyl sulphate, with distilled water waghes between each extraction. Hyphae were then extracted for 1 rnin with absolute ethanol, for 30 rnin with chloroform/methanol(2: 1, v/v), followed by extraction with decreasing concentrations of ethanol in water and finally distilled water. All operations were done at room temperature, unless otherwise stated, and at the start of each of the above extractions the hyphae were ultrasonically disrupted for 10 s. The hyphae were dried on to cleaned gelatin-coated slides, covered with ARlO stripping film (Kodak), dried again and left for 1 week at 4 "C in the dark. The slides were developed with D10 developer and fixed with Hypam fixer containing hardener (Ilford). Hyphae were photographed as described above. Cell-free extracts. Mycelium was grown as indicated above, collected by filtration, washed with 100 ml cold distilled water, and suspended in 10 ml extraction buffer (0.05 M-tnethanolamine buffer pH 7.6 containing 0.05 M-MgC12). This suspension was centrifuged and the mycelial pellet was resuspended in 7-5 ml extraction buffer. The suspension was disrupted by passage four times through a French pressure cell, centrifuged at 1OOOOO g in an MSE65 ultracentrifuge for 30 rnin and the supernatant was used immediately for enzyme assays. All the above operations were done at 0 to 4 "C.
Enzyme assays. Enzymes catalysing the interconversion of glucose and mannose phosphate esters were assayed in a coupled system in which the final reaction was the conversion of glucose 6-phosphate to 6-phosphoglucona te catalysed by NADP-linked glucose-6-phosphate dehydrogenase. NADP reduction was followed by the increase in absorbance at 340 nm using an SP1700 spectrophotometer (Pye-Unicam). Assay temperatures were as indicated in Results. Chemicals (from Sigma) were of the highest grade generally available. The basic reaction mixture, modified from a method of Boehringer Mannheim I 1975) for the assay of glucose 6-phosphate, contained (in 1-2 ml): 0.05 M-triethanolamine buffer pH 7*6,0.05 M-MgCI,, 0.3 pmol NADP (Na salt), 2 units glucose-6-phosphate dehydrogenase, 1 pmol of the appropriate hexose monophosphate, 0.03 pmol glucose 1,6-bisphosphate (when required) and 0.1 ml cell-free extract. Glucose 1,6-bisphosphate was required as a cofactor for the assay of phosphoglucose mutase and phosphomannose mutase as chemically prepared hexose monophosphates were used. Table 2 shows the additions made to the basic reaction mixture for the assay of particular enzymes. The enzyme activities were found to be ranked in the order phosphoglucose isomerase > phosphomannose isomerase > phosphomannose mutase and consequently it was unnecessary to add phosphoglucose isomerase when assaying phosphomannose isomerase or to add phosphoglucose isomerase and phosphornannose isomerase when assaying phosphomannose mutase. Addition of these enzymes caused no observable increase in activity of the enzyme being assayed. Protein was estimated by the method of Lowry et al. (1951) using bovine serum albumin as standard.
Enzyme activities were expressed as units (mg protein)-l where one unit was defined as an activity producing 1 pmol NADPH min-l. Concentrations of NADPH were calculated using 6.22 p~-l cm-l as the molar extinction coefficient (Horecker & Kornberg, 1948) .
Labefling of the wall with [14C]mannose. Conidia (final concentration 1Oj ml-*) were inoculated into 25 ml liquid MM containing 0.95 % (w/v) glucose, 0.05 % (w/v) mannose and [U-14C]mannose (0.01 pCi ml-l; 5 mCi mol-l; The Radiochemical Centre, Amersham). The medium was incubated in 250 ml flasks on a rotary shaker (Gallenkamp) at 200 rev. min-l for 48 h at 30 or 43 "C. Walls were purified and sugars were separated as described above. Spots were cut out from chromatograms and oxidized in a Packard Tricarb sample oxidizer which trapped the l4CO2 formed in a scintillation mixture containing 5 ml methanol, 3 ml ethanolamine and 7 ml 2-72 "/o (w/v) 2-(4'-tert-butylphenyl)-5-(4"-biphenylyl)-l,3,4-oxadiazole (butyl-PBD) in toluene. Radioactivity was determined in a Beckman model LS233 liquid scintillation counter.
R E S U L T S
Growth responses 0-f BV455 and isolation of the double mutant BvGOI Strain ~~4 5 5 (mnrA4.55) grew very slowly on M M agar plus 1 yo (w /v) glucose at 43 "C (Table 3) and hyphae with swollen regions, called balloons, were formed which stained intensely with the fluorescent stain Photine HV (Fig. 1) . The strain grew normally if glucose was replaced by 1 94 (w /v) mannose (Table 3) , but failed to grow if both glucose (0-9 76) and mannose (0.1 %) were present. The parental strain, BVB152, grew on all three media. The ratio of the two sugar concentrations was the important factor as inhibition of sv455 also occurred on 0.09 yo glucose /O*OloL mannose. One explanation of this inhibition by glucose was that there might be competition between mannose and glucose for a common permease system so that only a reduced amount of mannose entered the cell. Part of this mannose might be used as a carbon and energy source, leaving insufficient to relieve the mannose requirement. If this explanation is correct, then isolation of revertants of sv455 on MM plus Growth of sws152 and ~V455 at 30 "C was normal but ~~6 0 1 grew less well on MM plus 1 % glucose and failed to grow on 1 % mannose or 0-9 % mannose/O.l % glucose (see Fig. 26 ).
glucose and mannose might yield a mutant affected in mannose catabolism so that there would be sufficient mannose for the relief of the wall lesion. To test this, conidia (lo7 ml-I) were treated with NTG for 10 min and plated on M M plus 0-9 yo glucose and 0.1 yo mannose at a density of lo5 to lo7 per plate. These were incubated at 43 "C for 4 d and 50 revertants were isolated and purified by single colony isolation. Analysis of these strains on MM plus glucose and M M plus mannose showed that 49 were true revertants with a wild-type phenotype and one (strain sv601) was the predicted double mutant, later given the genotype mnrA45.5 manAl ( Table 3 ). The double mutant could not grow on glucose or mannose MM presumably because glucose could not be used for wall synthesis and mannose could not be used as a carbon and energy source. Estimates of radial growth rates of the three strains were made at 43 "C on MM containing different ratios of glucose to mannose but a constant 1 "/b of total sugar (Fig. 2a) . The parental strain was little affected and the basic response of the mutant strains was confirmed. Replacement of mannose by glucose led to a progressive reduction in the growth rate of sv455 as the glucose concentration increased. Growth was poor except at concentrations of 0-975 yo and 1 yo mannose. The double mutant had an optimum growth rate on 0-9 yo glucose l0.1 yo mannose and failed to grow on glucose alone or in the presence of 0.5 yo mannose or above. When this experiment was repeated at 30 "C, strain sv455 grew normally whereas sv601 showed a partially mutant phenotype (Fig. 2b) . This means that the manAI mutation is only partially temperature-sensitive. 
No. of Genetic analysis of mnrA455 and manAl A cross between BV455 (mnrA455) and BWBl40 (wild-type) gave 47 mnrA and 53 mnrA+ colonies, supporting the conclusion that mnrA was a single gene mutation. Strain sv601 (mnrA4.55 manAl) was also crossed with BWB140 and the progeny were tested on MM plus 1 % glucose, 1 % mannose or 0.9 yo glucose /Om1 % mannose. Only three phenotypes were detected and the double mutant mnrA manA could not be distinguished from mnrA+ manA under these conditions (Table 4 ). It was concluded that mnrA and manA were located at unlinked loci and that manA was epistatic to mnrA.
Two diploids were isolated between the master strain G95 and BV455 or sv601 (Table 1) . Approximately 150 haploids were isolated from each diploid and the markers present were classified. mnrA455 segregated completely with f x A f while other linkage groups segregated independently, indicating that the mnrA locus was on linkage group V. Similarly manAf segregated completely with riboB+ locating this locus to linkage group VIII. Strain sv603, carrying manAl but not mnrA455, was isolated from the diploid G95 /~v601 by selecting for manA and facA, selection for the latter marker automatically selecting for mnrAf. Meiotic analysis located the mnrA locus to the right of gIcA9.5, a temperature-sensitive mutation which was relieved by glucosamine (Valentine, 1975 ) (crosses 1, 2 and 3, Table 5 ). The manA locus was closely linked to riboB (recombination frequency 0.85 & 0-85 yo) but the order has not been determined as the nearby locus facA was not classified due to the presence offacB in the cross (cross 4, Table 5 ).
Analysis of walls from strains grown at 40 "C Strains ~~~1 5 2 (mnrAf) and Bv455 (mnrA45.5) were grown at 40 "c, a semi-restrictive temperature which allowed some growth and wall synthesis by the mutant. Ballooning of the mutant strain occurred and these balloons were discernible in the purified wall preparations. An analysis was made of the sugar, lipid and protein contents of the walls from the two strains (Table 6 ). The most striking change was the reduction of mannose in the mutant walls to 37.5% of the control value; in addition, glucosamine was increased and galactosamine was decreased. 
Incorporation studies with radioactive mannose
As argued above, the double mutant (mnrA45.5 munAl) at 43 "C should have a requirement for mannose for normal wall synthesis and should be unable to utilize mannose as a carbon source. Consequently radioactive mannose supplied to the fungus should be incorporated specifically into walls and should not be converted into other products.
Autorudiography. Hyphae were labelled as described and autoradiographs were prepared (Fig. 3) . Labelling was predominantly at the tip of the hyphae and, for the primary hypha, the mean length of tip that was densely labelled increased exponentially with the time of exposure to labelled mannose (Fig. 4) , as would be expected for hyphae which are likely to be growing exponentially (Trinci, 1969) . Densely labelled regions were taken as those in which silver grains were almost continuous.
Analysis of wall sugars from hyphae of strains labelled with [U-14C] munnose. Strains ~~~1 5 2 (mnrA+ m u d + ) and sv601 (mnrA455 manAI) were labelled with [14C]mannose, walls were purified, sugars were separated and radioactivity was counted. When grown at 30 "C, BWB152 incorporated most of the label into glucose (50%)) whereas sv601 had the highest proportion (44.60/6) in mannose (Table 7) . There was twice as much labelled mannose in sv601 as in BWB152, since the manAl mutation in ~~6 0 1 is expressed at 30 "C. At 43 "C, BWB152 had 32.6%) radioactivity in mannose whereas ~~6 0 1 had 83.9"/b. As sv601 had 16.1 Cj:b radioactivity in sugars other than mannose it is evident that the mutant enzyme(s)
for mannose catabolism retain some activity even at the restrictive temperature. This point will be referred to later.
Enzyme assays Enzyme activities in sfrain BV455. Strains BWB152 (mnrA-f) and sv455 (mnrA45.5) were grown in MM plus 0.5 7; glucose at 30 "C. Cell-free extracts were prepared and assays were made of phosphomannose isomerase, phosphoglucose mutase and phosphomannose mutase at 30, 36 and 43 "C. Activities of phosphomannose isomerase and phosphoglucose mutase showed little difference between the strains but, relative to the MnrA+ strain, the phosphomannose mutase activity in the mutant (sv455) was reduced threefold and fivefold, respectively, when assayed at 30 and 36 "C (Table 8) . Cell-free extracts from both strains were incubated at 32 "C and then assayed at 26 "C for phosphomannose mutase. Enzyme activities from both strains were thermolabile at this temperature but the enzyme from sv455 had a shorter half-life (2-2 rnin) than that from BWB152 (3.6 min) (Fig. 5 4 . The mutant strain therefore had lower activities of a more labile phosphomannose mutase. A further conclusion from this is that phosphoglucose mutase and phosphomannose mutase are independent activities.
Enzyme activities in strain sv603. Strains ~~~1 5 2 (manA+) and sv603 (manA2) were grown in MM plus 0.4757; glucose and 0.025°/0 mannose at 30 and 43 "C. Cell-free extracts were assayed for phosphoglucose isomerase and phosphomannose isomerase at 30 "C. Phosphoglucose isomerase activities were similar in both strains irrespective of the growth temperature whereas, relative to the wild-type, phosphomannose isomerase showed a fourfold reduction in the mutant grown at 30 "C and at least a 40-fold reduction when grown at 43 "C ( Table 9 ). The observation of a reduced but detectable phosphomannose isomerase activity at 30 "C confirms the mutant phenotype observed from radial growth rates (Fig. 2b) . Cell-free extracts from cultures grown at 30 "C were incubated at 46 "C and then, at intervals, assayed for phosphomannose isomerase activity at 30 "C. No difference could be detected in thermolability (Fig. 5 b) , which explains why some 14C from mannose is found in the glucose, glucosamine and galactose of the walls of the double mutant even when the strain is grown at 43 "C ( Table 7) . Although there is a very low level of phosphomannose isomerase in the mnrA45.5 manAI strain (sv601) the enzyme is not very thermolabile and is presumably able to convert mannose 6-phosphate into fructose 6-phosphate and thence into glucose.
DISCUSSION
When strains containing the mnrA mutation were grown on glucose at restrictive and semi-restrictive temperatures, they produced balloons which had less mannose in their walls than occurs in normal hyphae. Thus the decreased content of a mannose-containing wall polymer may be responsible for the loss of polarized growth of the hyphae. Similar ballooning accompanied by a reduction in glucosamine and galactosamine in the wall has been reported in another temperature-sensitive mutant of A . nidulans (Cohen et al., 1969; Katz & Rosenberger, 1970) . These walls were found to be fragile and easily lysed and the balloons could be eliminated by adding 6o/b sodium chloride to the growth medium. In contrast, innrA balloons were not fragile and survived the cell disruption procedures, and osmotic stabilizers like sodium chloride did not eliminate the ballooning phenotype (Valentine, 1975) . The walls, rather than lacking a polymer essential for rigidity, have developed in an abnormal unpolarized way. Further evidence for this is the increased affinity of the walls for the fluorescent dye Photine, an effect normally only seen at the tip of hyphae or at septa (Gull & Trinci, 1974) . The dye had better access to P-linked carbohydrates presumably due to an alteration in wall structure. Hunsley & Kay (1976) have argued, from studies of enzyme digestion of Neurospora crassa walls, that the maintenace of shape does not reside in any one polymer. It is important, however, to distinguish between the maintenance of hyphal structure and the production of a particular shape by the growing hypha. It is possible that, in the initial stages of wall synthesis, quite minor polymers may be essential for the formation of the hyphal tube. Other more abundant polymers such as chitin and glucans would then rigidify within the initial network. Thus a mannose-containing polymer may be necessary for normal wall synthesis. There is evidence that ballooning can also be caused by other genetic lesions; C . F. Roberts (personal communication) has observed ballooning of other sugar mutants and Valentine (1975) has reported a further 14 loci where temperature-sensitive lesions produce ballooning.
The reported composition of the A . niduluns wall varies according to the growth conditions and methods of wall purification and analysis (Bull, 1970; Katz & Rosenberger, 1970; Zonneveld, 1971) . Variation is likely to occur in protein and lipid content, depending on the purity of the wall preparation. Protein contents of between 5 and 12% have been reported by the above authors and the figure of 3.5 yo reported here suggests that the walls have little contaminating cytoplasm. The galactose content was higher than previous estimates.
Galactose has been found to be associated with a lipid fraction ; 54 yo of the total galactose can be isolated in glycolipid which has been analysed by thin-layer chromatography (Valentine, 1975) .
The inhibition of the growth of mnrA strains on 0.9:/, glucose/O-l yo mannose can be explained in three ways. First, there could be competition for a common permease system which resulted in the reduced uptake of mannose. Secondly, there could be competition for phosphorylating enzymes within the cell resulting in reduced concentrations of phosphorylated mannose which would effectively give mannose starvation. Thirdly, there could be inhibition due to the accumulation of phosphorylated sugars caused by a biochemical block in the conversion of glucose into mannose for wall synthesis. Competition for permeases and phosphorylating enzymes has been suggested for similar inhibition of mannose-negative mutants of Succharomyces cerevisiae by glucose and mannose (Herrera et a/., 1976). The 50% inhibition of the growth of the mnrA strain on 0.9% mannose l0.1 (yo glucose is consistent with a reported 10-fold higher affinity of glucose over mannose for the sugar transport of S. cerevisiae (Cirillo, 1968) . Inhibition of fungal mutants by mixtures of sugars has been reported for glucose /glucosamine in A. nidulans (Katz & Rosenberger, 1970) , glucose /fructose in N . crussa (Murayama & Ishikawa, 1975) and glucose /mannose in 5'. cerevisiae (Herrera et a]., 1976) .
A pathway which shows how mannose could be used as a wall precursor and as a carbon and energy source can be proposed on the basis of the results (Fig. 6) . The lesion in the mnrA strain is in phosphomannose mutase and this is likely to be the structural gene for this enzyme as the mutant enzyme is more thermolabile than the wild-type. A defect in this enzyme explains the specific requirement of the strain for mannose as glucose cannot be converted to mannose I-phosphate. The addition of mannose can by-pass this block presumably by phosphorylation at the 6-position for conversion to glucose and also directly at the 1-position for utilization as a wall precursor. The addition of glucose to a mnrA culture growing on mannose would cause inhibition by any of the mechanisms previously discussed but might result from the accumulation of mannose 6-phosphate. Glucose 6-phosphate accumulation has been shown to correlate with suppression of RNA synthesis in S. cerevisiae (Maitra, 1971) . The second mutation, manA, appears to affect the regulation of phosphomannose isomerase synthesis. The reduction in the activity of this enzyme might reduce the accumulation of mannose 6-phosphate or might release mannose for wall synthesis as discussed previously. The double mutant would therefore be able to grow on mixtures of mannose and glucose but not on glucose alone, as mannose could not be synthesized from it. This failure to grow on glucose alone is an interesting property considering that selection was made on a mixture of glucose and mannose. It is evidently a consequence of the pathway for mannose synthesis. The failure to grow on mannose alone is more expected, presumably due to inability to use the sugar as a carbon and energy source. Conclusions on the mechanisms involved must await experiments on the uptake of glucose and mannose and on the concentrations of phosphorylated sugars in the fungus grown under different conditions. The mutant strains were not affected in their activities of phosphoglucose isomerase or phosphoglucose mutase which indicates that these activities are distinct from the equivalent phosphomannose isomerase and phosphomannose mutase activities.
The double mutant incorporated 84% of radioactive mannose into wall mannose and this was found predominantly at the tip of the growing hyphae. This confirms the importance of mannose in tip growth and indicates that it is incorporated at an early stage of hyphal tip growth which agrees with previous results for glucosamine in A . nidulans (Katz & Rosenberger, 1970) and other fungi (Gooday, 197 1) . Phosphoglucose mutase mutants have been isolated in N . crassa (Brody & Tatum, 1967) and in A . nidulans (Elorza & Arst, 197 1). Both strains were morphologically abnormal with excessive hyphal branching and compact colony growth. They have been reported to have: decreased glucose or (1+3)-plinked glucans in the walls. The phosphomannose mutase defect reported here has a more drastic effect on morphology and it is possible that normal amounts of mannose are more important than the normal level of glucose in the wall.
Mutants with defective phosphomannose isomerase have been isolated in S. cerevisiae as strains unable to grow on mannose but able to grow on glucose (Herrera et ai., 1976).
